INTRODUCTION
Sight is certainly one of our most important senses and depends on the interaction of electromagnetic waves in the visible portion of the spectrum with the eye. The ,use of materials that reflect light and that refract or "bend" light p.xtends throughout our industrialized society.
GENERAL COMMENTS

Definitions
Since the definitions of terms that you must know to master Objective 1 are scattered throuqhout the readings, we have collected brief definitions here. These are not meant to be necessarily complete definitions, but should serve to remind you of the full meaning and special usage of each term as you read.
Refraction: the bending of a ray of liqhtas it oasses through the bounrlarv between two media.
Angle of refraction: the angle between the refracted ray and the normal to the boundary between two media.
Angle of incidence: the angle between the incident ray and the normal to the boundary between two media.
Angle of reflection: the angle between the reflected ray and the normal to the boundary between the two media.
Light ray: a line parallel to the direction of propagation of the light and normal to the plane wavefront. Although not entirely accurate, it is satisfactory for most ray-tracing purposes to think of a very small beam of light as eQuivalent to a ray.
Reciprocity: also called lIoptical reversibility,1I reciprocity means that light will follow the same ray path through a series ot refractions and reflections in going from point A to point B as it will in the reverse direction, B to A.
Huygens' principle: All points on a wavefront can be considered as point sources for the production of spherical secondary wavelets. After a time t the new position of the wavefront wi 11 be the surface of tangency to these secondary wavelets.
Total internal reflection: When a ray in an optically dense medium falls on an interface with a less optically dense medium at angles of incidence oreater than some critical angle, for all practical purposes no liqht is transmitted; it is all refl ected.
Critical angle: the minimum anqle of incidence at which total internal reflection appears. It corresponds to the angle of incidence for which the angle of refraction equals 90°.
Index of refraction: a property of the medium defined as the ratio of the velocity of light in vacuum to that in the medium. A material with a large index of refraction is called optically dense.
Dispersion
In general the texts and problems assume monochromatic liqht (single wavelenoth). However, light beams are a mixture of waves whose wavelengths extend throuqhout the spectrum. Although the speed of light in vacuum is the same for all wavelengths, the speed in material suhstances may be different for different wavelengths. A substance in which the speed of a wave varies with wavelenqth is said to exhibit dispersion. The index of refraction of a substance is a function of wavelength. ProblemE is an example of this effect. The dispersion effect is important since it provides a means of separating (disrersinq) light into its various colors in a prism spectrograph, it explains rainbows, and it is the cause of color fringing in low-quality binoculars.
Important Formulas
There are really only three formulas you need to memorize for this module:
Law of reflection:
Law of refraction:
Definition of index of refraction:
We strongly suggest that you do not memorize formulas for the apparent depth of an object in a pond, or the critical angle for internal reflection, etc. Thp.y can be very short derivations if you understand the principles, and we have found from past experience that students who have memorized the formulas frequently make mistakes in identification of symbols and are less able to deal with new situations. Read Chapter 37, Sections 37-1 and 37-3 throuqh 37-6. These sections aive some detail on the nature of light and introduce to you the laws of reflection and refraction. Next read Chapter 38, Sections 38-1 through 38-4, 38-6, and 38-7. These sections derive the laws of reflection and refraction from Huyqens' principle and define index of refraction, total internal reflection, and dispersion. Finally, read Chapter 39, Sections 39-1, 39-2, and 39-6, which discuss imaae formation for plane mirrors and plane refracting surfaces. Althouah the readings are not in the same order as the objectives, you will find the order of the text better for the first reading. 
STUDY GUIDE: Reflection and Refraction
The exterior angle of triangle PP'Q = the sum of the opposite angles: X = 28 + 2~ = 120°, B(2). The image formed by a plane mirror will act as an object for a second mirror. Locate in Figure 3 the three distinct images that can be seen by a suitably placed eye.
Solution
Take the right-hand mirror by itself as in Fiqure 4(a). Since e. = e , the 1 r projection of any reflected ray behind the mirror intersects the normal to the mirror at a point that is as far behind the mirror as the object is in front of it: the object distance equals the image distance. We can now locate imaqes A and B on Figure 4 (b). In Figure 4 (b) a few liqht rays have been drawn that underao two reflections and appear to come from a point C, the third image. The imaqe at A (and B) acts as an object for the image at C, and therefore the image lies along the normal to the extension of the mirror: AP = PC. -1-----C( 3). A glass of water in Figure 5 is partially immersed in a tank of carbon disulfide (CS 2 ). You are an observer 0 looking down through the water at a particle P floating in the CS2. Some reflected light leaves the particle at a small angle ¢ with the vertical. D(3). The "apparent depth" of an object immersed in an optically dense refractinq medium is less than the true depth when viewed from directly above. Show that the apparent depth d~ is related to the true depth d by d~ = n2d/nl.
where n is the relative refractive index of the medium in which the object is immersed. See Figure 7 . Note: One may assume the angles to be so small that the sine of an angle can be replaced by the angle itself. F(4). The crooks in a typical TV drama are attempting to recover a fortune in diamonds that they earlier sunk in a chest in 8.0 m of water. As a cover for.t~e operation they have moored a floating oil-drilling rig above the posltl0n where they sank the chest. If the dimensions of the chest are small in compari~on with the rig, determine the size of rig required in order that no sal lor on a passing ship can see what is Qoing on under the surface.
(Take n = 4/3 for water.)
. .
STUDY GUIDE: Reflection and Refraction 9 Solution
We can consider the sunken chest as a point source of light. If the oil ri~ is big enough for its purpose, then all rays of liqht from the chest that would be refracted into the air at the surface must be blocked off by the base of the riq, and all rays striking the surface of the water outside the riq must be totally internally reflected. The rig obviously must be circular, and, if its center is moored directly above the chest, a ray of light striking the erlqe of the rig must do so at an angle equal to ~c' the critical angle. See Figure 9 .
For the minimum radius r of the riq, n sin ~c = (l)sin ~2 = sin(900) = 1, therefore, sin ~c = lin or r/(r 2 + d~)1/2 = lin, ,-- 1(2). Suppose that (for reasons best understood by you) you decide to photograph a street scene by using the reflection in a store window. You wish to set your camera so that pOint X will be in sharp focus; for what distance must you set your camera lens? The dimensions are as in 1·. Define critical angle and reciprocity, and state Huygens' principle. 2. The image formed by a plane mirror will act as an object for a second mirror. Find the first four images formed by the pair of plane mirrors shown in Figure  14 (i.e., find the four images closest to the object). 3. A microscope is focused on a scratch made on the upper surface at the bottom of a small container. Water is added to the container to a depth of 3.00 mm. Through what vertical displacement must the microscope lens be raised to bring the scratch into focus again? Assume that the displacement of the lens is equal to the displacement of the image. 4. A fish looking upward toward the water-air interface sees a circular transparent hole surrounded by a mirror. What is the radius of this hole when the fish's eye is a distance of 1.00 m from the water surface? (n for water is 1.33.) Object ---....
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